Purpose. To review the outcome of 23 ankle arthrodeses using burring, curettage, multiple drilling, and fixation with 2 retrograde screws through a single lateral incision. Methods. Records of 22 consecutive patients aged 39 to 79 (mean, 62.4) years who underwent 23 ankle arthrodeses for end-stage ankle arthritis were reviewed. Through a single lateral incision, articular cartilage was removed using burring and curettage, and multiple holes were drilled using a Kirschner wire, followed by fixation with 2 retrograde screws. The resected distal fibula was fixed to the distal part of the talus and tibia. The position of the ankle and subtalar joint arthrosis was assessed by 2 orthopaedic specialists. Pre-and post-operative American Orthopaedic Foot and Ankle Society (AOFAS) scores were evaluated. Results. The mean operating time was 122 minutes. The mean follow-up period was 41 months. The mean postoperative ankle alignment was suboptimal: 2.7º varus, 6.7º plantar flexion, and 2.9º internal rotation. The mean AOFAS score improved from 30 to 71 (p<0.01). The postoperative varus ankle alignment was not associated with the AOFAS score (r= -0.13, p=0.569). Of the 23 cases, one was nonunion and 22 achieved bone union after a mean of 5.4 (range, 2-16) months; 3 of them were delayed union. Despite bone union, 7 patients complained of persistent pain; 4 of them had progressive arthrosis of the adjacent subtalar joints (n=2) or subtalar and talonavicular joints (n=2). Conclusion. Ankle arthrodesis using burring, curettage, multiple drilling, and fixation with 2 retrograde screws achieved a high union rate and acceptable functional score without serious complications.
intertarsal fusion, 1-3 total ankle arthroplasty, 4, 5 and a combination of these techniques. Ankle arthrodesis is superior to ankle arthroplasty and regarded as the gold standard, with a union rate of 85 to 100%. [5] [6] [7] Open arthrodesis is widely used and results in fewer complications such as pin track infection, compared with external fixation; its indication is wider than that for arthroscopic arthrodesis. Ankle arthrodesis using internal fixation and local fibular graft without allograft is technically simple and has achieved good, reproducible results. [8] [9] [10] [11] This study reviewed the outcome of 23 ankle arthrodeses using burring, curettage, multiple drilling, and fixation with 2 retrograde screws through a single lateral incision.
Materials and Methods
Records of 22 consecutive patients aged 39 to 79 (mean, 62.4) years who underwent 23 ankle arthrodeses between July 2006 and July 2010 for end-stage ankle arthritis that did not respond to conservative treatment for at least one year, with severe deformity caused by primary osteoarthritis or posttraumatic arthritis were reviewed. Patients with other causes such as spontaneous talar avascular necrosis, rheumatoid arthritis, or deformities from cerebral palsy were excluded.
Under spinal or general anaesthesia, a single lateral incision was made along the fibula from 8 cm proximal and 2 cm distal to the tip of the lateral malleolus. The anteroinferior talofibular ligaments were divided, and the posterior ligaments were preserved. The fibula was osteotomised at approximately 6 cm proximal to the tip of the lateral malleolus. A 1-cm section of the fibula was removed as a bone graft. Using the remnant posteroinferior talofibular ligament as a hinge, the lateral malleolus was externally rotated. The rotated fibula was transected sagittally using an oscillating saw. The outer part of the fibula was left with the posteroinferior talofibular ligament attached (Fig.  1a ). The split medial half of the distal fibula was chopped for autogenous bone graft. The anterior capsule was arthrotomised, and the joint space was widened using a laminar spreader to expose both parts of the articular cartilage. Using a high-speed burr and a curet, articular cartilage of subchondral bone was shaved to the subchondral bone. Saline was used to cool the burr to avoid thermal burn of the subchondral bone ( Fig. 1a ). Multiple holes were drilled on both sides of the joint under fluoroscopic guidance using a 0.062-inch Kirschner wire. The ankle was aligned in neutral, 0º-5ºabduction, and 5º-10º external rotation by contacting the shaved surfaces of the tibia and talus. To maintain the alignment, 2 guide wires were inserted parallel from the talus to the tibia in a posteromedial direction under fluoroscopic guidance. Partially threaded 7.0-mm cannulated screws were inserted along the guide wires. Multiple holes were also drilled into the lateral surface of the talar body ( Fig. 1b ). After curettage of syndesmosis, the flipped lateral half of the fibula was fixed to the tibia with 2 fully threaded 3.5-mm cannulated screws. The chopped bone was then grafted around the fusion site ( Fig. 1c ).
Postoperatively, patients were instructed to wear a short leg fiberglass cast and avoid weight bearing for 6 weeks. After removal of the cast, gradual weight bearing in an ankle brace was allowed.
Serial radiographs were taken at 2 and 6 weeks, 3, 6, and 12 months, and every year thereafter until bone union. Bone union was defined as the presence of trabecular lines between the tibial and talus at the point of contact, and disappearance of the radiolucent line. 12 Delayed union was defined as union after 6 months. The position of the ankle and subtalar joint arthrosis was assessed by 2 orthopaedic specialists. Pre-and post-operative American Orthopaedic Foot and Ankle Society (AOFAS) scores were evaluated.
Association between postoperative ankle alignment and AOFAS score was assessed using Spearman correlation analysis. Pre-and postoperative AOFAS scores were compared using the paired t-test. A p value of <0.05 was considered statistically significant.
results
The mean operating time was 122 (range, 77-164) minutes. The mean follow-up period was 41 (range, 15-80) months. The mean postoperative ankle alignment was suboptimal: 2.7º varus (6º valgus to 8º varus), 6.7º plantar flexion (neutral to 13º plantar flexion), 2.9º internal rotation (3º internal rotation to 5º external rotation). The mean AOFAS score improved from 30 (range, 0-47) to 71 (range, 38-87) [p<0.01]. The postoperative varus ankle alignment was not associated with the AOFAS score (r= -0.13, p=0.569).
Of the 23 cases, one was nonunion and 22 achieved bone union after 5.4 (range, 2-16) months (Fig. 2) ; 3 of them were delayed union. Despite bone union, 7 patients complained of persistent pain; 4 of them had progressive arthrosis of the adjacent subtalar joints (n=2) or subtalar and talonavicular joints (n=2).
One patient also underwent subtalar arthrodesis for subtalar ankylosis; 22 did not but already had degenerative changes in the subtalar joint, 11 of them had progressive subtalar arthrosis during follow-up. The mean AOFAS score of these 11 cases was 64.8 (range, 38-74); 5 of them had pain.
Talonavicular arthrosis was noted before surgery in 18 cases; the condition was aggravated in 4 cases and newly developed in 2 cases at the final follow-up. All the 6 cases also had progressive subtalar arthrosis and 4 of them had pain. The mean AOFAS score of these 6 cases was 60 (range, 38-74).
No patient had complications such as infection or implant failure except for one case of screw breakage. The patient with nonunion had persistent ankle pain but declined further operative treatment.
discussion
Open ankle arthrodesis is the treatment of choice for end-stage ankle osteoarthritis. 13 Numerous implants and modifications have been introduced. 1, [8] [9] [10] [11] 14, 15 Compared with the flat cut technique, the joint contour preservation technique has biomechanical advantages 16 and a decreased risk of limb shortening. 17 Ankle arthrodesis through a single lateral approach has a high union rate, especially in low risk patients. 14 Nonetheless, a stab incision from the posterior aspect is still required. 14 Modification of this transfibular technique has achieved favourable results with high union rates. [8] [9] [10] [11] 18 In our patients, the fusion rate was 92%, and adequate alignment was achieved through this single lateral approach using burring, curettage, multiple drilling, and fixation with 2 retrograde screws with no additional bone graft or incision. This technique is simple, timesaving, and reliable, 10 although the 3-screw technique has superior stability and compression. 11 Burring may risk necrosis of the subchondral bone. 10, 13 Using curettage only to remove the cartilage may minimise thermal injury. 10 However, curettage and osteotomy is time-consuming and an unreliable arthrodesis technique. 17 The risk of thermal damage to the subchondral bone can be avoided by cooling the burr, 19, 20 and using a metal cutting burr instead of diamond burr to reduce friction. Combined use of burring and curettage can shorten the surgical time and simplify the procedure and achieve a high union rate. 21 To enhance bone formation by stimulating the marrow, multiple holes were drilled using a Kirschner wire. Subchondral perforation into the tibia and talus has also been reported. 9 In order to avoid donor-site morbidity (pain, haematoma formation, or risk of nerve injury) and to shorten the surgical time, additional bone graft was not used except for the local fibular graft. The bone union rate was acceptable compared with other studies. 17, 22 Optimal ankle positioning is one of the four factors for successful fusion. 13 If ankle position is determined with the naked eye, the ankle is likely to have valgus deformity. 23 To maintain normal physiological walking, the ankle position should be kept at 5º to 10° of hindfoot alignment view angle. In our patients, the mean ankle alignment was 2.7º varus, although there was no inconvenience in walking. Nonetheless, the greater the varus alignment, the lower the AOFAS score. We suspected that by pushing the fibula against the lateral side of the talus and tibia, it affected the proper position of the talus against the tibia. If preoperative joint match is poor, additional bone graft should be used and intra-operative radiographs should be obtained to confirm ankle alignment. Use of computer navigation is quicker and more accurate. 24 Once the position is decided, it is difficult to change.
Nonunion can be treated with plate fixation and bone grafting. 10 The intermediate results after conversion from ankle arthrodesis to ankle arthroplasty are favourable. 25 Surgical excision of a fibular bone graft for ankle fusion results in a loss of the grid. If a resected fibular graft has been used in previous ankle fusion, switching to ankle arthroplasty is contraindicated. In our patients, because half of the fibula was preserved, conversion to arthroplasty is feasible if nonunion occurs or arthritis of the adjacent joint develops.
Arthrosis of the adjacent joints has been reported after ankle fusion owing to increased pressure on the adjacent joints. 22, 26 Subtalar arthrosis occurs due to impingement from hypermobility of the subtalar joint in the rear in order to compensate for the limited talotibial joint motion. 27 Secondary or progressive arthrosis of adjacent joints has been reported to occur in 11 to 17 % of patients. 10, 26 One study reported that 95.8% of those who underwent ankle fusion had associated arthritis in the midfoot and hindfoot. 28 The association between progressive arthrosis of adjacent joints and pain and other symptoms is not well known. In our study, half of patients had progressive subtalar arthrosis, 26% had progressive or newly developed talonavicular arthrosis, and all patients had associated talonavicular or subtalar arthrosis preoperatively. Seven patients complained of persistent pain caused by progressive subtalar arthrosis. Subtalar arthrosis possibly occurred prior to talonavicular arthrosis. Ankle arthroplasty achieves greater pain relief than ankle fusion. 29 Ankle fusion results in more arthrodesis than ankle arthroplasty. 30 Our study had several limitations. The follow-up period was short in some patients, and the number of patients was small and the study was retrospective. Longer follow-up is needed to determine the progression of arthrosis in adjacent joints. In addition, the AOFAS score did not correlate with bone union status and was affected by the progression of arthrosis in other joints. Furthermore, patients were not stratified based on smoking or diabetes mellitus status. In the case of nonunion, the patient was a heavy smoker. Leg length discrepancy in patients should have been measured.
conclusion
Ankle arthrodesis using burring, curettage, multiple drilling, and fixation with 2 retrograde screws achieved a high union rate and acceptable functional score without serious complications.
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